Female mice were allowed to mate with males which had been shamoperated (Group 1); had seminal vesicles, coagulating glands and ventral and dorsal prostate glands removed (Group 2); had the seminal vesicles removed (Group 3); had the coagulating glands removed (Group 4) or had the ventral and dorsal prostate gland removed (Group 5). The pregnancy rate was normal in Groups 1 and 4, severely reduced in Groups 2 and 3 and less so in Group 5. Litter size was reduced in Groups 2 and 3 but not in Group 5. It is suggested that the seminal vesicles and possibly the prostate glands are important in the production of young in mice.
Introduction
In the past decade, the male accessory sex organs have received much attention. Most studies have followed three directions: (1) the biochemical or structural changes of the accessory sex organs in relation to the mechanism of action of androgens (Brandes, 1974; Cavazos, 1975) ; (2) the aetiology of pathological conditions of the accessory sex organs (Brandes, 1974; Hafez, 1976) ; and (3) analyses of the composition of seminal fluid (Brandes, 1974; Eliasson & Lindholmer, 1976) . Whether and how much these accessory sex organs contribute individually to mammalian fertility, however, have received little attention.
In 1945, Blandau removed the coagulating gland and the seminal vesicle of rats and although copulation appeared normal, no young were produced. It was suggested that the formation of the vaginal plug after coitus was necessary for the opening of the cervix to allow entrance for the spermatozoa and hence fertilization of the ovum. We have conducted similar experiments with male mice to investigate the functional significance of the accessory sex organs in these animals.
Materials and Methods
Male and female albino mice, obtained from the Animal House, Faculty of Medicine, University of Hong Kong, were used. Virgin female mice, 40-45 days old and weighing 20 ± 2 g (N = 80) were allowed to mate with vigorous males. After 5 days, the males were removed and the females were checked regularly for young. Females of proven fertility were thus identified for subsequent experiments.
Male mice (25 ± 2 g) were anaesthetized with pentobarbitone sodium (50 mg/kg). A 1-2 cm incision was made on the posterior abdominal wall, 0-2 cm anterior to the penis. Seminal vesicles, coagulating glands and ventral and dorsal prostate glands were exposed and bilateral removal of one or all of the male accessory sex organs was effected. The prostate glands were removed under the dissecting microscope. Care was taken not to damage any other tissues. The incision was closed by sutures. The experimental groups were as follows: Group 1, shamoperated mice in which the abdomen had been opened and closed as above; Group 2, total bilateral removal of seminal vesicles, coagulating glands and ventral and dorsal prostate glands; Group 3, bilateral removal of seminal vesicles; Group 4, bilateral removal of coagulating glands; Group 5, bilateral removal of ventral and dorsal prostate glands. About 10% of the mice died after surgery, mainly because of problems with the anaesthesia.
At 20 days after operation, the male mice were randomly chosen and individually paired with 1 female. After 11-14 days, the male mice were killed and the condition of the relevant accessory sex glands was checked. At autopsy cannulae were inserted into the two vasa deferentia and saline was injected to test for patency. This test failed for 1 male in each of Groups 3 and 4 and data from these animals were disregarded.
The female mice were checked regularly for young, which were counted at birth and then removed. The experiment was repeated with the same females 1 week after the last female had littered. Since there was no significant difference between the results of the two experiments, the data were combined. The fertility and fecundity of the males were evaluated by 2 and 2tailed t tests; a value of <0-05 was considered significant.
Results
These are shown in Table 1 . Pregnancy was severely affected in Groups 2 and 3 and less so in Group 5. There were no differences between the average litter size of the animals in Groups 4 and 5 compared with that of the controls (Group 1), but the litters in Groups 2 and 3 were much smaller (Table 1) . Some litters were killed at birth and could not be counted.
Discussion
The lack of study of the importance of the accessory sex organs on fertility may be due to the discovery that a high rate of pregnancy was obtained in guinea-pigs after insemination with spermatozoa taken from the distal cauda epididymidis (Young, 1931) . Similar results were obtained for rats (Blandau & Rumery, 1964) and rabbits (Bedford, 1963) . These observations suggest that spermatozoa from the cauda epididymidis have matured and have the full ability to fertilize the matured ovum, but do not preclude involvement of the accessory sex organs during fertilization in vivo. Blandau (1945) suggested that when the seminal vesicles and coagulating glands were removed, and no vaginal plug was formed, the cervix remained closed and spermatozoa could not travel up the female genital tract to fertilize the ovum.
The importance of the accessory sex organs on fertility in mice was confirmed in the present study. However, although both coagulating glands and seminal vesicles are necessary for the production of a vaginal plug in rodents (Gotterer, Ginsberg, Schulman, Banks & Williams-Ashman, 1955) , the removal of the seminal vesicles had a much greater effect on fertility than did removal of the coagulating glands. Thus, the lack of formation of the vaginal plug may not be the reason for the infertility observed in the present experiments.
Removal of the ventral and dorsal prostate glands also resulted in a lower fertility rate in the mice in the present study unlike the results for rats in which no change in fertility and fecundity was observed (Gunn & Gould, 1958) .
In man the concentration of spermatozoa (Polakoski, Syner & Zaneveld, 1976) or the volume of the ejaculate (Amelar & Hotchkiss, 1965; Cicero et al, 1975) appear to be important in fertility. Since the secretions of the accessory sex organs are the main contribution to the volume of ejaculates, removal of the prostate glands and seminal vesicles may greatly alter the concentration of spermatozoa or the volume of ejaculate in mice and thus may account for the lower fertility observed in the mice in Groups 2, 3 and 5. There are other possible explanations.
Under natural conditions, to achieve successful fertilization of the matured ovum in the oviduct by mature spermatozoa from the cauda epididymidis, the following have to be accomplished: (1) a high survival rate of spermatozoa in the male reproductive tract; (2) the successful copulation of the male and the female; (3) a high survival rate of spermatozoa in the female reproductive tract, and (4) the successful transportation of spermatozoa to the ovum. Removal of the seminal vesicles and/or ventral and dorsal prostate glands may affect any one or a combination of the above processes. Blandau (1945) , Beach & Wilson (1963) and Larsson & Swedin (1971) demonstrated that removal of the accessory sex organs did not influence the normal mating behaviour of male rats. In rats and guinea-pigs, the secretion of the prostate glands has been reported to stimulate uterine motility (Ventura & Freund, 1970) . It has also been demonstrated that secretions of the accessory sex organs play an important role in the motility and viability of the spermatozoa in man (Lindholmer, 1974; Eliasson & Lindholmer 1976 ). Biochemical studies have demonstrated that, apart from furnishing an osmotically balanced milieu for the sperma¬ tozoa, the seminal plasma also contains substances such as sugars, enzymes, hormones, inorganic ions and polyamines. The function of these substances in relation to sperm transport and motility is still speculative (Price & Williams-Ashman, 1961; Mann, 1974; Brandes, 1974; Hafez, 1976) . Investigations on the biochemical nature of the secretions of individual accessory sex organs and the contribution of these substances on the survival and motility of spermatozoa or the motility of the female reproductive tract may provide information on the mechanism(s) underlying the infertility observed after removal of seminal vesicles and prostate glands in mice.
